Bacterial community structure and some biogeochemical parameters were studied in the sediment of two Pacific oyster farming sites, Aber Benoît (AB) and Rivière d'Auray (RA) in Brittany (France), to examine the ecological impact of oysters and to evaluate the emission of sulfide and ammonia from sediment. At AB, the organic matter accumulated in the sediment beneath the oyster tables was rapidly mineralized, with strong fluxes of ammonia and sulfide that reached 1014 μmol m −2 h −1 -and 215 μmol m −2 h −1
Introduction 40
Since the 1990s, culture of the oyster Crassostrea gigas in France has been subject to 41 mortality episodes, which generally occur in June as soon as the temperature reaches 19 °C. 42
Over the period since they began, these mortality episodes have increased dramatically. Since 43 2008, they have been seen to start at temperatures around 16 °C, due to the appearance of a 44 new type of OsHv1 herpes virus that is much more virulent than the previously known strain 45 (Segarra et al., 2010) . Before this development, a multidisciplinary research project known as 46
Morest (Samain & McCombie, 2008 ) was conducted to study the original mortality 47 syndrome. The conclusions of Morest underlined the involvement of multiple factors, 48
including the genetic and physiological status of the oysters, occurrence of pathogens and 49 environmental factors including temperature, pollutants, food availability and sediment 50 proximity. For this last factor it was demonstrated that mortality rate increased with the 51 closeness to the sediment at which the oysters were reared. Indeed, mortality of oysters reared 52 directly on or a few centimeters above the sediment was significantly higher than those reared 53 on oyster racks 50-70 cm above it. The beginning of mortality episodes appeared to be 54 concomitant with the release of hydrogen sulfide and ammonia from the sediment in June, as 55 a result of mineralization of organic matter ̶ especially that generated by oyster farming 56 itself. Before the mortality, a growth deficit was generally recorded for oysters grown directly 57 on bottom, suggesting that chronic toxicity was caused by a factor from the sediment 58 of bacteria stained with orange acridine or DAPI because this method is more sensitive to 138 changes in physico-chemical parameters such as organic matter and temperature. 139
Vibrionacaea, notably those that can grow on TCBS, are important for marine farming 140 because this family includes most pathogens of farmed marine animals, especially those of 141
Crassostrea gigas (Gay et al., 2004; Garnier et al., 2007) . The remainder of each of the 142 sediment samples was stored at -80 °C until DNA extraction. 143
144

Sediment treatments 145
All overlying and pore water treatments were performed at the sampling sites after collection 146 of the sediment cores. An aliquot of overlying water was collected immediately for further 147 nutrient and sulfide analyses. High resolution vertical profiling of dissolved O 2 was then 148 carried out both on the overlying water and on the sediment core, using miniaturized Clark-149 type oxygen sensors (Unisense OX500: http://www.unisense.com) coupled with a 150 picoammeter (Unisense PA 2000) and a micromanipulator (Unisense MM33) according to 151 Duchemin et al. (2005) . These microsensors (tip diameter: 500 µm) are well-suited to 152 performing high resolution measurements of O 2 profiles and determining O 2 penetration depth 153 without disturbing the sediment (Revsbech et al., 1980) . Subsequently, within less than 30 154 min, one core from each station was sliced into eight horizontal layers down to a total depth 155 of 8 cm (4 slices of 0.5 cm from the top down to 2 cm depth, 2 slices of 1 cm down to 4 cm, 156 and 2 slices of 2 cm down to 8 cm). In July, each core was sliced down to 8 cm: whereas, on 157 the other dates, only one core was sliced down to 8 cm ̶ the two other cores only being sliced 158 down to 1 cm (slices: 0-0.5 cm and 0.5-1 cm). For every level, a sub-sample was centrifuged 159 at 3000 rpm and 4 °C for 20 min in a Whatman VectaSpin 20TM centrifuge tube filter 160 (0.45 µm) in an inert atmosphere (N 2 ) in order to collect pore waters, which were then storedat -20 °C. Finally, a sub-sample of wet sediment was frozen for subsequent organic C 162 analysis. 163
The pore water was acidified to pH ~ 2 and an aliquot frozen for later analysis at the bottom and in the sediment just below the interface. In the case of HS -, the 183 concentration gradient was calculated for the depth interval with the greatest concentration 184 gradient change, as was the corresponding porosity (Sahling et al., 2002) . Therefore, the 185 sulfide flux represented the maximum of the ascendant flux observed locally in the sediment,rather than the flux across the sediment water interface. Consequently, ammonia and sulfide 187 fluxes could not be directly compared. Ds was corrected for tortuosity, i.e., water temperatures (Li & Gregory, 1974 ) and the value of q is assumed to be equal to 191 φ ln 2 1- (Boudreau, 1996) . 192
193
DNA extraction 194
DNA was extracted from 5 g of sediment according to the SDS-based lysis method of Zhou et 195 al. (1996) , and was suspended in 500 µl of sterile deionised water. Finally, the DNA was 196 purified with the Wizard® DNA Clean-Up System (Promega, Madison), according to the 197 manufacturer's instructions. After quantification by optical density, the DNA was diluted to 198 10 ng µL -1 for PCR amplification. 199
200
PCR amplification and DGGE analysis 201
As in most microbial analyses on intertidal sediment, bacteria were studied to gain an overall 202 view of the microbial community. Archeae were not considered because these 203 microorganisms are more specialized in specific functions such as methanogenesis and 204 ammonium oxidation, parameters that were not taken in account in this study. The primers 205 chosen are universal for the amplification of any bacterium, without selection of a particular 206 group. The primers 341f-GC (5'-GC-clamp-CCTTACGGGAGGCAGCA-3') and 518r (5'-207 ATTACCGCGGCTGCTGG-3') (Muyzer et al., 1993) were used to amplify a 230-bp 208 fragment of the V3 region of the bacterial 16S rRNA. A 40-bp GC-clamp 209 (CGCCCGCCGCGCGCGGCGGGCGGGGGCACGGGGGG) was attached to the 5' end ofthe forward primer (Muyzer, et al., 1993 Genbank, where they were assigned the numbers FN555177 to FN555194 and FN555208 to 244
FN555229. 245 246
DGGE and Statistical analysis 247
DGGE banding profiles from all sediment samples were analyzed using Gel ComparII 248 software (Applied Maths, Kortrijk, Belgium) to obtain a matrix consisting of the relative 249 intensity and position of each DNA band. Although GelCompar normalization was performed 250 using external ladders, gel effect was significant. To avoid misinterpretation due to 251 superimposition of gel and treatment effects, analyses were only performed on individual gels 252 or between gels without significant gel effects. For each site, the 2007 profiles were analyzed 253 separately from those of 2008, because the samples taken in these two years had been loaded 254 onto separate gels. The DGGE data matrix was used to generate a triangular similarity matrix 255 based on the Bray-Curtis coefficient, using PRIMER software (PRIMER-E, Plymouth, UK). 256
Multi-dimensional scaling (MDS) (Kruskal & Wish, 1978) , representing the similarity ranks 257 of community structure between samples, were then derived from the matrices. The resulting 258 MDS map shows every band pattern as a point, so relative changes among different DGGE 259 patterns can be visualized and interpreted as the distances between the points. The moresimilar the DGGE banding patterns, the smaller the inter-point distance. The analysis of 261 similarity (ANOSIM) routine was used to examine the statistical significance (significance 262 data reported as p-values) of differences between the DGGE profiles from Oyster station 263 samples and Reference station samples, and differences according to temporal variation. 264
The Spearman correlation coefficient and associated p significance level (obtained by a 265 permutation test using 5000 permutations) were computed to quantify the correlation between 266 the rank similarity matrices obtained for environmental variables (using Euclidean distance) 267 on one hand and genetic structure (using Bray-Curtis dissimilarity index) on the other (Clarke 268 & Ainsworth, 1993) . 269
270
Results
272
Biogeochemical parameters of overlying water and sediment 273
The overlying water temperature in Aber Benoît varied between 14.7 and 18.1 °C over the 274 spring, summer and autumn (Table 2 ). In Rivière d'Auray, over the same seasons, it ranged 275 from 14.7 to 21.8 °C (Table 3) Aber Benoît showed different banding patterns (Fig. 7) , but appeared to be little different 325 between replicates, stations or sampling dates within a single site. 326
In Aber Benoît, the total number of bands detected was 24.1 (± 2.9) for Oyster, with the 327 lowest number in February and the highest in September. For Aber Benoît Reference, the total 328 number of detected bands was 23. Reference grouped separately (Fig. 9 ), but these became mixed in the following months. The fact that vibrios were more abundant in AB (1 % TCB in average) than in RA (0.16 %) 448 may be due to a better degradability of organic matter at AB, since these bacteria are 449 particularly organotrophic. Among these vibrios, Vibrio aestuarianus, which is pathogenic to 450 C. gigas, was frequently detected; however, it is difficult to estimate the true risk it posed to 451 the oysters in terms of weakening effects or as a direct cause of mortality. To examine these 452 issues, it would be necessary to prove that the Vibrio aestuananus strains that infected the 453 oysters came from the sediment. It has been shown that some strains collected in a previous 454 In conclusion, the oyster tables in Aber Benoît were probably the source of the greater 485 quantity of organic matter measured underneath them. This organic matter was more rapidly 486 degraded than in Rivière d'Auray, despite the temperature being 2 °C lower on average. The 487 substantial ammonia and sulfide fluxes, which may result from this degradation, were 488 insufficient to induce seawater toxicity, except maybe in the event of sediment resuspension. 489
These flux variations did not coincide with any change in bacterial community structure that 490 were little influenced by the temperature and the input of organic matter. The identified 491 bacteria belonged to bacterial groups that are common in sediment. Among the vibrios, V. 492 aestuarianus could represent a threat for oysters as it is pathogenic to them. 493
One reason why the bacterial community structures were found to be so static is perhaps 494 because the methods were not sensitive enough to reveal metabolically active bacteria. 495
In future study, the metabolically active bacteria would probably be easier to detect if 496 bacterial profiles could be determined from direct RNA extraction including rRNA (Nimnoi, 497 et al., 2011), rather from template DNA. In addition, future work would need to focus on 498 particular functional groups using specific primers and real time PCR in order to monitor their 499 abundances (van der Zaan, et al., 2010) . 500
To confirm that the ammonia and sulfide do not reach the threshold of toxicity, they could be 501 monitored with specific electrodes, as used by Borum, et al (2005) and Berner et al. (1963) . 502
The physiological status of oysters could be regularly examined by measuring the expression 503 of some genes or enzymes involved in stress responses, as already performed in some 504 previous studies (Le Moullac et al., 2007; Kawabe & Yokoyama, 2012 Reference AB Oyster AB Reference RA Oyster RA 
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